In recent decades, the scientific community has noted that the pollutants released into atmosphere produced by road traffic is one of the most significant causes in the deterioration of air quality in cities. Therefore, it is important to estimate the emission factors associated with road traffic, which turns out to be the theoretical basis for estimating the emissions of air pollutants in a precise way. The emissions of atmospheric pollutants generated by mobile sources may produce severe impacts on human health because these pollutants are generally produced in areas with a high density of inhabitants and at ground level. The present study aims to estimate the concentration of air pollutants generated by road traffic on the main roads of the city of Cartagena, which were selected while taking into account the critical points of highest traffic congestion. The emission factors for PM2.5, using the inverse modeling technique, were estimated taking into account the average concentrations measured over 24-hour period and the pollutants that represent the greatest threat to public health were determined. This study is a starting point to determine the magnitude of the emissions associated with road traffic in Cartagena, and it also provides technical support to be able to identify in an approximate way the impact of different vehicle sources in the city.
INTRODUCTION
The increase in concentrations of atmospheric pollutants is a serious environmental problem that requires strategies focused on mitigating the impacts that these pollutants produce on human health and their environment. Despite significant improvements in fuel quality and engine technology, the current urban environment is still dominated by road traffic emissions [1] . The presence of particulate matter, carbon monoxide, photochemical oxidants and sulphur and nitrogen oxides in urban areas are the main liable factors for explaining the air pollution. For this reason, the estimation of the emission factor is an essential element to management policies and control actions that improve the quality of the air breathed by people.
The road traffic emission factors represent the main source of uncertainty when quantifying the emission of gases and particulate matter [2] . In the Colombian Caribbean region many cities have not estimated the emission factors yet, mainly because the necessary economic and technical resources are not available. This fact contributes to the increase in the uncertainty of emissions estimation. The objective of the present study is to determine the average emission factor of the vehicle fleet of Cartagena de Indias, implementing the inverse modeling technique [3] , counting with the AERMOD air quality software as support. The inverse application of the dispersion models or inverse modeling technique can be implemented for different urban environments such as closed streets and urban cannons [4] - [6] , open streets or motorways [7] . In this case, the ways with the highest vehicle flow were selected and the upper limit of the emission factor was calculated.
MATERIALS AND METHODS
The inverse modelling technique was developed to implement an air quality model which must be calibrated with experimental data recorded through a monitoring campaign. The development of the methodology was carried out through three stages: 1) Selection of the monitoring sites, 2) monitoring campaign (Figs 1 and 3 ) modelling and estimation of the emission factor [8] . In this case, the pollutant concentrations registered by the monitoring network of pollutants (SVCA) was not considered.
Modelling and estimating the emission factor
To estimate the emission factor the AERMOD air quality model was implemented, which is a steady-state plume model recommended by the US-EPA to estimate contaminant concentrations [9] . This software uses the stationary Gaussian plume model, which incorporates different factors related to the source as well as meteorological factors to estimate the emitted pollutant concentration. Mobile sources were taken into account such as area sources and geographic information was obtained from the Geographic Information System WebGIS SRTM3 [10] .
The inverse modeling technique is a novel alternative that implements a combination of pollutant measurements from road traffic and atmospheric dispersion models in urban environments. Through the application of the inverse method it is possible to quantify the combined effect of the variables that significantly affect the emissions generated by traffic in the city such as the driving conditions of the vehicle, nevertheless it cannot consider the technologies of the combustion engines, the emission control systems, the type and the quality of the used fuel and the vehicles technical status that constitute the motor park of the city.
The relationship between emissions and pollutant concentrations can be established with a dispersion model that describes the predominant physical and chemical processes [11] . The concentrations of pollutants can be related to the phenomena involved in the dispersion and with the emitted quantity of pollutant applying the following general equation:
).  EF: Emission Factor (g/km). 
By transforming variables, the following results:
It is possible to establish, according to light or heavy vehicles classification, the following proportional relations:
 E : Emission.  v h /v l : heavy vehicles/light vehicles.
Starting from the initial equation, it can be deduced (Ac = activity; number of vehicles divided by track width, T):
Therefore, solving from the eqn (6), the emission factor (EF) is calculated as follows:
Through the application of the linear regression method it has been possible to determine a global emission factor for mobile sources in the city.
The methodology for determining the emission factor is based on the adjustment of the concentrations estimated by the model with the concentrations measured in the monitoring campaign using linear regression, taking into account the data of the concentrations estimated by the model and the estimated emissions found with the general equation as calibration criteria.
Subsequently, the statistical ANOVA analysis was applied for different levels of confidence, and the ranks at which there is a greater probability of finding the real emission factor values were obtained (Fig. 2) .
RESULTS
In order to assess the most unfavourable situation related to the air pollution generated by vehicle traffic the mean concentrations of CO and PM2.5 were analyzed, for periods between 1 hour and 24 hours, observing the maximum values recorded (Fig. 3) . Subsequently, through the software AERMOD, the spatial distribution of the average monthly concentration of pollutants was simulated across the three places under study, observing the influence area of both pollutants. Finally, the emission factor's maximum limits were found generally for light and heavy vehicles, but the emission factors were not found for the different categories of vehicles.
The concentrations of PM2.5 were particularly high, exceeding the established limit by the Colombian air quality standard in the measuring and recording sites across the city (Fig. 3) .
Theoretical emissions were estimated taking into account emission factors referenced in the literature and the geometric characteristics of the pathways under study in the three selected sites (Table 1 and Table 2 ). According to the information available for this research the model AERMOD View was selected because it is suitable to represent the transport of the PM 2.5 , CO and the concentrations that could be present in the study sites depending on the emissions of pollutants emitted from the mobile sources. The time concentrations estimated by the model were found according to the emissions of every source and taking into account the meteorology of the months in which the measurement campaign was carried out.
The model results are represented on a mesh of receptors, showing the isoconcentration curves for the maximum level of concentration of the considered pollutant (Fig. 4) .
In this case, only the PM2.5 was considered because it exceeded the legal limits recommended by the regulation.
By representing the percentage values of increase in the theoretical emissions and relating them with the percentage values of increase of the concentrations estimated with the model AERMOD it was found that the relationship is fundamentally linear, resulting in a similar behavior across the three sampling sites (Fig. 5 ). According to the behavior experienced between the variables, in the sampling sites, the daily emission by vehicle count was estimated applying the linear regression for the theoretical emissions and the concentrations estimated by the model. The calculated emissions with the general eqn (1) were related to the average of counted vehicles per hour and day (Table 3) .
The emission values were grouped into two categories: light vehicles and heavy vehicles (Table 4 ). In the category of light vehicles cars and motorcycles were classified, and in the category of heavy vehicles vans, buses and greatest displacement vehicles. Finally, the maximum values of the emission factors were calculated for each one of the measuring sites (Table 5 ). It should be taken into account that the values provided by the literature have a degree of uncertainty, and therefore it is recommended to establish a range of values at which the real value of the emission factor is most likely to be found. It can be deduced that the values differ significantly across each sector, probably due to the influence of different fixed sources close to the stations of measurement.
The confidence levels in the sectors of Bomba de El Amparo and Peaje de Ceballo were established at 88%, while for the sector Maria Auxiliadora was established at 90%. The analysis shows that despite the fact that the transport by wind is a significant contribution of PM2.5 on urban roads in the city, the vehicle's mechanical action contributes the most significant emission. It is noted that the emission factor's highest value was presented in the Peaje de Ceballo sector (740 g/km veh), probably due to concentrations that did not only correspond to the vehicular traffic but also to the pollutants produced across the large number of existing stationary sources around the receiver.
The emission factor of mobile sources obtained for the city of Cartagena de Indias were compared with those obtained in other international investigations (Table 6 ).
CONCLUSIONS
The estimation of air pollutant concentrations by implementing the AERMOD software allowed us to define the vehicular traffic impact on the air quality of areas near the roads under study. It was possible to estimate the degree of concentration of pollutants that transport emissions contribute to the total pollution existing in these areas, demonstrating the effectiveness of the tool in the calculation of concentrations and dispersion of pollutants.
The average monthly spatial representation of two important atmospheric pollutants generated mainly by vehicular traffic was carried out by identifying greatest impact areas in the vicinity of the selected roads. This fact will allow the extrapolation of the application of In Cartagena there is no emissions inventory that provides detailed information on the fixed sources and the characteristics of the mobile sources, therefore it is difficult to know more accurately the amounts of pollutants emitted by the different emitting agents. In this regard, as a recommendation, the creation of a single format for registration of emissions is considered, created by all the industries that have sources of pollutants in their different processes, as well as the incorporation of qualified personnel to control the records.
In reference to mobile sources, detailed technical information is required from the different vehicle classes as well as the general characteristics of the vehicle fleet as a whole. The high estimated emission factor value corresponding to Peaje de Ceballo (740 g/km) can be explained by the numerous loading docks for vehicles and industries surrounding the measuring station and which would contribute significantly to the high registered particle values.
The particles that come from the gasoline's combustion, or diesel, are generally fine or ultrafine (PM0.1 and PM 2.5 ), with a composite core of carbon and a large area of its surface that facilitate the union of countless substances such us metallic compounds, allergens, volatile organic compounds and other types of particles with which they can form aggregates with high irritant potential. This pollutant, which is highly detrimental to people's health, has high concentrations in the areas of major vehicle traffic in the city, affecting the health of pedestrians and residents, but especially affecting the vulnerable groups such as children, pregnant women or the elderly.
For this reason, a study in the district that links the concentrations of PM2.5 with the different cardiorespiratory diseases caused by inhalation of this pollutant would be especially useful.
